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This  article  aims  to  evaluate  the  use  of  hydroelectric  potential  in  Brazil  and  the  expansion  of  the 
hydroelectric  power  stations  in  Amazon,  in  the  northern  region  of  the  country,  highlighting  the  vul¬ 
nerabilities,  the  impacts  and  the  adaption  possibilities  of  the  hydroelectric  energy  in  face  to  increasing 
socio-environmental  demands  and  to  global  climate  change  in  progress.  The  analysis  indicates  the  nearly 
exhausted  hydroelectric  potential  in  other  regions  of  the  country,  transforming  the  Amazon  into  a  new 
“hydroelectric  barn”  or  “new  hydroelectric  frontier”.  The  integrated  management  of  reservoirs  and  mul¬ 
tiple  uses  of  water,  the  new  institutional  and  regulatory  arrangements,  the  technological  and  economic 
opportunities  of  the  sector,  and  finally,  integration  with  neighboring  countries  are  treated  to  subsidize  a 
sustainable  use  of  hydroelectric  potential  in  the  Amazon. 
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1.  Introduction 

Hydro  in  Brazil  contributes  76.9%  of  all  electricity  generated 
and  15.2%  of  all  domestic  energy  supply  [1].  With  81.9  GW  of 
installed  capacity  in  hydroelectric  exploitations  [2]  and  production 
of  390,988  GW  in  2009  [1  ],  Brazil  still  has  a  hydroelectric  potential 
of  1 61  GW,  which  represents  almost  two  times  the  hydraulic  poten¬ 
tial  installed.  About  63%  of  this  potential  is  located  in  the  North, 
mainly  in  the  Amazon  basin,  which  can  reduce  the  exploitation  of 
this  potential,  by  the  increasing  socio-environmental  demands  and 
to  global  climate  change  in  progress. 

From  the  socio-environmental  point  of  view,  there  is  a  tendency 
for  the  construction  of  run-of-the-river  hydroelectric  power  sta¬ 
tions,  without  the  existence  of  pondages,  making  the  values  of  their 
power  densities  (km2  flooded/MW  installed)  much  lower  com¬ 
pared  to  the  plants  established  in  the  region  in  previous  decades. 
Hydropower  plants  under  construction  in  the  Madeira  River  -  Santo 
Antonio  and  Jirau  -  will  become  run-of-the-river  plants,  making 
use  of  Bulb  turbines,  used  in  rivers  of  low  head  and  large  volume  of 
water. 

From  the  standpoint  of  global  climate  change,  the  results 
released  by  the  Intergovernmental  Panel  on  Climate  Change  indi¬ 
cate  that  there  is,  throughout  this  century,  rising  temperatures 
around  the  planet.  The  Amazon  and  northeastern  Brazil  consti¬ 
tute  what  might  be  called  climatic  change  hot  spots  and  represent 
the  most  vulnerable  regions  of  Brazil  to  climate  changes.  However, 
the  overall  picture  of  changes  in  rainfall  does  not  always  apply  to 
all  regions  of  the  Earth.  That  is  the  case  of  Amazon,  where  all  the 
models  project  temperature  increases,  but  they  do  not  agree  with 
respect  to  changes  in  rainfall  patterns. 

This  article  is  divided  into  6  sections.  In  Section  2,  the  theme 
of  hydroelectric  generation  is  presented,  highlighting  the  global 
and  the  Brazilian  contexts.  In  Section  3,  there  is  a  discussion  not 
extensively,  about  the  regional  projections  for  climate  change  and 
its  limitations.  Section  4  presents  the  conflicts  associated  with 
hydropower  projects,  especially  to  the  Amazon  Basin.  Section  5 
presents  measures  of  adaptation  to  the  Brazilian  hydroelectric 
system  in  face  of  climate  change  risks.  Finally,  Section  6  offers 
conclusions  and  recommendations. 

2.  Hydroelectric  power:  international  and  Brazilian  context 

2. 1 .  Existing  generation 

In  2006,  the  production  of  electricity  from  hydroelectric  plants 
was  32,881  TWh  compared  to  1295 TWh  in  1973  [3],  which  repre¬ 
sented  an  increase  of  154%  in  this  period,  and  was  mainly  a  result 
of  increased  production  in  China  and  Latin  America,  which  grew  by 
460 TW h  and  690 TW h,  respectively  (Fig.  1 ). 

Hydro  provides  some  level  of  power  generation  in  1 59  countries. 
Five  countries  make  up  more  than  half  of  the  world’s  hydropower 
production:  China,  Canada,  Brazil,  the  USA  and  Russia.  The  impor¬ 
tance  of  hydroelectricity  in  the  electricity  matrix  of  these  countries 
is,  however,  different  (Table  1 ).  On  the  one  hand  Brazil  and  Canada 
are  heavily  dependent  on  this  source  having  a  percentage  share  of 
the  total  of  83.2%  and  58%,  respectively.  On  the  other  hand  United 
States  has  a  share  of  7.4%  only  from  hydropower.  In  Russia,  the 
share  is  17.6%  and  in  China  15.2%. 


China,  Canada,  Brazil  and  the  US  together  account  for  over  49% 
of  the  production  (TWh)  of  electricity  in  the  world  and  are  also 
the  four  largest  in  terms  of  installed  capacity  (GW)  [3].  It  is  note¬ 
worthy  that  five  out  of  the  ten  major  producers  of  hydroelectricity 
are  among  the  world’s  most  industrialized  countries:  Canada,  the 
United  States,  Norway,  Japan  and  Sweden.  This  is  no  coincidence, 
given  that  the  possibility  of  drawing  on  hydroelectric  potential  was 
decisive  for  the  introduction  and  consolidation  of  the  main  electro¬ 
intensive  sectors  on  which  the  industrialization  process  in  these 
countries  was  based  during  a  considerable  part  of  the  twentieth 
century. 

2.2.  Deployment:  regional  aspects 

Fig.  2  indicates  that  despite  the  significant  growth  of  hydroelec¬ 
tric  production,  the  percentage  share  of  hydroelectricity  fell  in  the 
last  three  decades  ( 1 973-2006).  The  major  boom  in  electricity  gen¬ 
eration  has  been  occurring  due  to  the  greater  use  of  gas,  and  the 
greater  participation  of  nuclear  plants.  Coal  continues  play  a  major 
role  in  the  electricity  matrix,  with  a  small  percentage  growth  in 
the  1973-2006  periods,  growing  from  38.3%  to  41%,  where  is  the 
share  of  gas-fired  power  increased  from  12.1%  to  21.3%  in  the  same 
period. 

Of  the  world’s  five  major  hydroelectricity  producers  (China, 
Canada,  Brazil,  the  United  States  and  Russia),  only  the  United  States 
is  listed  as  one  of  the  ten  major  producers  of  electricity  (consistently 
among  the  top  3)  using  the  three  fossil  fuels,  namely  coal,  com¬ 
bustible  oil  and  gas.  China  heads  the  list  of  producers  of  electricity 
from  coal,  followed  by  the  United  States. 

Electricity  is  considered  to  be  one  of  the  most  efficient  energy 
carriers  given  the  relative  ease  with  which  it  can  be  transported  and 
converted  for  use.  In  2008,  of  the  8428  Mtoe  of  final  consumption, 
approximately  17.2%  was  served  by  electricity,  derived  principally 
from  fossil  fuels  [3]. 

Although  oil  accounts  for  the  major  share  of  final  consumption 
electricity  is  the  second  largest  energy  source  in  2008,  in  part  due 
to  the  increase  of  electricity  generation  and  consumption  in  China, 
principally  during  the  last  decade. 

In  1973,  China  represented  2.9%  of  the  worldwide  generation 
of  hydroelectricity,  but  by  2008,  its  share  had  grown  over  fivefold, 
accounting  for  17.8%  [3]. 

2.3.  Role  of  hydropower  in  the  present  energy  markets 

The  primary  role  of  hydropower  is  electricity  generation  and 
then  its  covers  all  “regular”  uses  like  general  demand.  Hydro  power 
plants  can  operate  in  isolation  and  supply  independent  systems,  but 
most  are  connected  to  a  transmission  network.  Hydroelectricity  is 
also  used  for  space  heating  and  cooling  in  several  regions.  Most 
recently  hydroelectricity  has  also  been  used  in  the  electrolysis  pro¬ 
cess  for  hydrogen  fuel  production,  provided  there  is  abundance  of 
hydro  power  in  a  region  and  a  local  goal  to  use  H2  as  fuel  for  trans¬ 
port  or  as  a  propellant  for  rockets  used  in  spacecrafts.  Hydropower 
can  also  provide  the  firming  capacity  for  intermittent  renewable. 
By  storing  potential  energy  in  reservoirs,  the  inherent  intermit¬ 
tent  supply  from  variable  renewable  schemes  can  be  supported. 
Peak  power  is  expensive.  The  production  of  peak  load  energy  from 
hydropower  allows  the  optimization  of  base  load  power  generation 


J.L.d.S.  Soito,  M.A.V.  Freitas  /  Renewable  and  Sustainable  Energy  Reviews  15  (201 1 )  3165-3177 


3167 


1973 


Non-OECDChi na  As 1  a|_a ti n  America 
Europe  2.9%  4.3%  7  2% 

Former  USSR  2.1 
9.4% 

Middle  East 
0.3% 


OECD 


73% 


2008 

Asia 


7.7% 


Latin  America 


41.9  % 


Source :  IEA  [34]. 


Fig.  1.  1973  and  2006  regional  shares  of  hydro  production 


Table  1 

Major  hydroelectricity  producers  countries  with  total  installed  capacity  and  percentage  of  hydro  generation. 


Country 

Installed  capacity 

GW  (2007  data) 

Country  based  on 
top  10  producers 

%  of  hydro  in  total  domestic  electricity 
generation  (2008  data) 

China 

149 

Norway 

98.5 

United  States 

100 

Brazil 

79.8 

Brazil 

77 

Venezuela 

72.8 

Canada 

73 

Canada 

58.7 

Japan 

47 

Sweden 

46.1 

Russia 

47 

Russia 

16.9 

India 

36 

India 

16.0 

Norway 

29 

China 

13.8 

France 

25 

Japan 

7.7 

Italy 

21 

United  States 

6.5 

Rest  of  the  world 

320 

Rest  of  the  worlda 

13.6 

World 

924 

World 

16.2 

Source :  IEA  [3]. 

a  Excludes  countries  with  no  hydro  production. 


from  other  less  flexible  electricity  sources  such  as  thermal  power 
plants  (nuclear,  fossil  fuels,  and  biomass).  By  absorbing  excess 
power,  pumped-storage  plants  enable  large  thermal  power  plants 
to  operate  at  optimum  output  with  high  efficiency.  Thus,  in  both 
a  regulated  or  deregulated  market  hydropower  plays  a  major  role 
and  provides  an  excellent  opportunity  for  investment.  Hydro  gen¬ 
eration  can  also  be  managed  to  provide  ancillary  services  such  as 
voltage  regulation  (operating  reserves)  and  frequency  control.  With 
recent  advances  in  ‘variable-speed’  technology,  these  services  can 
even  be  provided  in  the  pumping  mode  of  reversible  turbines  [4]. 

2.4.  Current  status  of  the  Brazilian  hydroelectric  potential 

Brazilian  hydroelectric  potential,  as  recorded  in  December  2010 
in  Eletrobras’  Brazilian  Hydroelectric  Potential  Information  System 
(SIPOT)  was  approximately  243  GW,  36%  of  which  is  represented 
by  facilities  under  construction  or  in  operation  [2]. 


Fig.  3  shows  Brazilian  hydroelectric  potential  divided  by  geo¬ 
graphic  region  [North,  Northeast,  Mid-West,  Southeast  and  South- 
trans.].  The  potential  of  each  region  is  described  according  to  the 
following  categories:  estimated  ( Estimados ),  being  studied  ( Estu - 
dos)  and  under  construction/in  operation  (Opera^ao/Constru^ao), 
that  is,  enterprises  which  are  already  operational  or  will  become 
operational. 

Observing  Figs.  4  and  5  shown  below,  one  can  easily  see  that 
the  South  and  Southeast  regions  together  account  for  48%  of  the 
hydroelectric  potential  in  operation/under  construction.  On  the 
other  hand,  the  Northern  region  alone  has  45%  of  the  country’s 
hydroelectric  potential  currently  being  studied  or  estimated.  This 
indicates  that  currently  (in  the  short  term),  concerns  about  vulner¬ 
ability  should  be  focused  on  the  South  and  Southeast  regions,  but 
that  in  the  future  the  understanding  of  climate  change  and  its  rela¬ 
tion  to  hydroelectric  potential  should  give  priority  to  the  Northern 
region. 
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Fig.  2.  1973  and  2006  fuel  share  of  electricity  generation  (excludes  pumped  storage).  Other  includes  geothermal,  solar,  wind,  combustible  renewables  and  waste,  and  heat. 
Source:  IEA  [34]. 
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Fig.  3.  Brazilian  hydroelectric  potential— 2010.  Numbers  are  in  metric  system  notation. 
Source :  The  author’s  own  material  based  Eletrobras,  SIPOT  (2010)  [2]. 


At  a  glance,  it  is  possible  to  observe  a  significant  concentra¬ 
tion  of  hydroelectric  energy  generating  in  the  basins  located  in  the 
South  and  Southeast  regions  of  Brazil,  next  to  the  largest  consumer 
regions,  and  an  under-utilization  of  the  hydroelectric  potential  of 
North  and  Mid-West  Regions,  where  these  resources  are  abundant. 

Brazil  holds  the  greatest  reserves  of  surface  water  on  the  planet, 
about  19.4%,  and  one  of  the  world’s  greatest  potential  water 
resources.  However,  it  is  not  in  a  comfortable  situation  in  terms  of 
the  availability  of  water  resources  and  the  location  of  the  demands 
for  its  consumable  and  non-consumable  water  [5].  In  fact,  about 
90%  of  the  water  is  found  in  low-density  drainage  basins  from  the 
Amazon  and  Tocantins  rivers,  while  about  90%  of  the  population  is 
supplied  by  the  rest  of  the  country’s  water  resources. 

Due  to  the  large  proportion  of  hydroelectric  power  stations  in 
the  Brazilian  power  grid,  the  generation  of  electric  power  in  the 
country  is  highly  dependent  on  the  hydrological  cycles  of  drainage 


Brazilian  Hydroelectric  Potential 
Operation  /Construction 


■  North 

■  Northeast 
South 
Southeast 
Center-Western 


Fig.  4.  Brazilian  hydroelectric  potential  -  in  operation/under  construction  -  2010. 
Source:  Eletrobras,  SIPOT  (2010)  [2]. 


basins.  As  there  is  a  regional  imbalance  in  water  availability  -  which 
may  be  seen  in  the  recurrent  droughts  in  the  Northeastern  region, 
the  degradation  of  rivers  and  soils  in  the  Southeastern  region,  the 
socio-environmental  risks  of  each  region  and  the  rapid  growth  in 
demand  for  water  and  power  throughout  the  country  -  both  new 
and  old  hydroelectric  enterprises  are,  to  a  greater  or  lesser  extent, 
vulnerable  to  climate  change. 

The  risk  of  future  global  climate  change,  that  is,  of  additional 
warming  of  the  planet,  may  alter  the  hydrological  cycle,  and,  in 
turn,  the  water  regime  and  availability  of  water  in  the  drainage 
basins.  In  fact,  different  changes  in  temperature  lead  to  changes 
in  atmospheric  pressure  and  wind  patterns.  Therefore,  changes  in 
rainfall  patterns  are  to  be  expected. 


Brazilian  Hydroelectric  Potenctial 

In  Study/Esti mated 


■  North 

■  Northeast 
South 
Southeast 
Center-Western 


Fig.  5.  Brazilian  hydroelectric  potential  -  being  studied/estimated  -  2010. 
Source:  Eletrobras,  SIPOT  (2010)  [2]. 
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Predictions  for  global  sea  level  increases  for  2099  indicate 
figures  ranging  between  18  and  59  cm,  depending  on  different 
greenhouse  effect  gas  emission  scenarios.  Occurrences  of  El  Nino 
Southern  Oscillation  (ENSO)  phenomena  have  been  more  frequent, 
longer  and  more  severe  over  the  last  20-30  years  than  they  were 
during  the  preceding  hundred  years  [6]. 

Thus  it  becomes  important  to  carry  out  studies  on  predicting 
and  evaluating  climatic  vulnerability  in  the  generation  of  electric 
power  in  Brazil,  with  an  emphasis  on  the  assessment  of  water  flow 
to  hydroelectric  power  plants  through  climatic  and  hydrological 
prediction,  both  vital  tools  in  the  definition  of  scenarios  in  which 
hydrological  risks  (and  consequently  power  shortage  risks)  can  be 
anticipated.1 

3.  Impacts,  vulnerability  and  adaptation  to  climate  change 

Assessments  from  the  Intergovernmental  Panel  on  Climate 
Change  (IPCC)  indicate  that  developing  countries  are  among  the 
most  vulnerable  to  changes  in  climate.  The  IPCC  also  claims  that 
the  greater  the  difficulty  a  country  has  when  dealing  with  the  nat¬ 
ural  variability  of  climate  and  its  extreme  events,  the  greater  the 
effort  it  will  to  make  when  adapting  to  climate  change  [7]. 

The  impacts  of  climate  change  are  not  equally  distributed  among 
regions  and  populations.  In  fact,  individuals,  sectors  and  systems 
can  be  affected  or  benefited  in  greater  or  lesser  measures.  Thus,  this 
relative  pattern  of  distribution  of  climate  vulnerability  may  vary  in 
magnitude  and  intensity  according  to  each  affected  region’s  geo¬ 
graphical  location,  weather,  social,  economic  and  environmental 
conditions  and  infra-structure. 

According  to  the  IPCC  [8],  climate  vulnerability  can  be  defined 
as  “the  degree  of  susceptibility  (or  incapacity  of  response)  of  indi¬ 
viduals  or  systems  to  adverse  effects  of  climate  change,  including 
climate  variability  and  extreme  events”. 

The  impacts  resulting  from  changes  in  climate  are  directly  con¬ 
nected  to  the  vulnerability  to  which  natural  and  human  systems 
are  exposed.  Learning  to  deal  with  vulnerability,  and  especially 
with  sensitivity  to  its  impacts  and  capacity  of  adaptation  to  them, 
will  be  the  most  efficient  way  to  mitigate  the  problem  of  climate 
change.  For  this  reason,  it  becomes  important  to  define  methods 
and  strategies  to  direct  studies  and  research  in  this  area,  and  also 
to  implement  those  in  the  different  regions  affected. 

The  most  relevant  characteristic  of  climate  change,  with  regard 
to  vulnerability  and  the  adaptation  of  water  resources,  is  related 
to  noticeable  alterations  in  the  variability  of  hydrological  systems 
and  extreme  events,  and  not  simply  to  average  tendencies  in  cli¬ 
mate  change.  Adaptation  is  an  important  factor  in  climate  change 
and  must  be  dealt  with  in  two  ways:  assessment  of  impacts  and 
vulnerability,  as  well  as  the  development  and  implementation  of 
strategies  and  concrete  measures  in  risk  management  [9]. 

Most  social  sectors,  regions  and  communities  are  reasonably 
well  adapted  to  average  conditions  in  climate  change,  particularly  if 
the  changes  are  gradual.  However,  in  some  sectors  losses  resulting 
from  extreme  climate  variations  are  substantial  and  growing.  These 
losses  indicate  that  autonomous  adaptation  has  not  been  sufficient 
to  prevent  damage  associated  with  variations  in  climate  conditions. 


1  It  is  convenient,  in  longer  time  scales,  to  make  a  distinction  between  climate 
change  and  natural  climate  variability:  climate  change  is  the  systematic  tendency 
or  variation  in  a  given  sense,  of  climate  parameters.  It  may  occur  due  to  systematic 
change  in  the  radiative  forcing  of  the  climatic  system  or  by  anthropogenic  action. 
Climate  variability  is  inherent  to  the  climatic  system  and  presupposes  alternation, 
that  is,  the  superposition  of  cyclical  or  semi-cyclical  variations.  The  detection  of  a 
tendency  in  climate  requires,  therefore,  that  the  breadth  of  the  natural  variability  be 
quantified.  For  this,  a  great  variety  of  data  and  results  of  atmospheric  models  must 
be  utilized  [35,36]. 


Communities  have  shown  themselves  to  be  more  vulnera¬ 
ble  and  less  adaptable  to  climate  changes,  especially  in  terms  of 
extreme  events. 

3.1.  Effects  and  climate  vulnerability  on  hydrology  and  water 
resources:  IPCC  evaluations 

According  to  the  IPCC  [8,10,1 1  ],  the  effects  of  climate  evolution 
on  the  flow  of  watercourses  and  the  refilling  of  aquifers  vary  accord¬ 
ing  to  the  regions  and  climatic  scenarios  that  are  created,  especially 
regarding  variations  in  projected  rainfall.  In  projections  carried  out 
so  far,  the  results  for  South  America  do  not  show  agreement  in 
flow  projections,  in  the  first  place  because  of  the  different  rainfall 
projections,  and  in  the  second  place  due  to  the  different  projec¬ 
tions  regarding  evaporation,  which  may  counterbalance  the  rise 
in  precipitation.  In  general,  the  variations  projected  for  the  yearly 
average  surface  flow  are  less  reliable  than  those  based  on  temper¬ 
ature  increase,  mainly  due  to  the  fact  that  the  evolution  of  rainfall 
varies  widely  for  different  projected  scenarios. 

At  the  level  of  drainage  basins,  the  effect  of  a  given  climate 
change  will  vary  according  to  the  physical  properties  and  vege¬ 
tation  of  each  basin,  to  which  are  added  the  alterations  in  the  land 
cover  (land  use). 

One  third  of  the  world’s  population  -  about  1.8  billion  peo¬ 
ple  -  live  today  in  countries  and  regions  that  suffer  from  medium 
and  high  levels  of  water  stress.2  According  to  projections  from  the 
United  Nations,  global  demographic  growth  will  place  about  5  bil¬ 
lion  inhabitants  in  the  same  situation  by  2025. 

Thus,  the  predicted  climate  change  may  have  a  negative  effect 
on  the  flow  of  rivers  and  on  the  refilling  of  groundwater  reservoirs 
and  aquifers  in  many  countries  which  are  exposed  to  water  stress. 

If  water  demand  is  generally  increasing  due  to  demographic 
growth  and  economic  development,  it  is  however  decreasing  in 
certain  countries  due  to  more  efficient  utilization  practices. 

Climate  change  will  probably  not  exert  a  strong  influence  on 
water  demand  in  cities  and  industries  in  general.  However,  it  may 
have  a  considerable  effect  on  the  consumption  of  water  for  irriga¬ 
tion,  which  depends  on  the  way  evaporation  is  counterbalanced 
or  accentuated  by  rainfall  variations.  A  rise  in  temperatures,  and 
consequently  an  increase  in  agricultural  losses  by  evaporation,  will 
normally  represent  an  increase  in  demand  for  irrigation  water. 

Floods  may  increase  in  extent  and  frequency  in  many  regions 
due  to  the  increase  of  extreme  rainfall  events,  increasing  river  flow 
in  most  zones  but  also  facilitating  the  replacing  of  underground 
water  in  certain  flood  plains. 

Changes  in  the  soil  may  accentuate  these  phenomena.  During 
low  water  periods  the  level  of  water  streams  will  drop  in  several 
regions  because  of  increased  evaporation,  the  effects  of  which  may 
be  aggravated  or  neutralized  according  to  rainfall  levels. 

Projected  climate  change  may  contribute  in  some  areas  to 
a  lower  quality  of  water  resources— raising  its  temperature  and 
increasing  the  pollutant  load  deriving  from  surface  water  flow  and 
the  overflowing  of  sewage  treatment  stations  and  sewage  pipes. 

In  regions  where  lower  rainfall  levels  are  predicted,  accom¬ 
panied,  therefore,  by  a  drop  in  river  flow,  the  quality  of  water 
will  probably  also  decrease  due  to  reduced  dilution  of  the  sewage 
pumped  into  rivers. 


2  A  classification  of  water  stress  zones  is  proposed  by  Alcamo  et  al.  [32]:  zones 
without  water  stress— water  withdrawals  (demands)  are  below  0.1  of  water  avail¬ 
ability  (average):  zones  of  low  water  stress— water  withdrawals  (demands)  are 
between  0.1  and  0.2  of  water  availability  (average):  zones  of  medium  water 
stress— water  withdrawals  (demands)  are  above  0.2  and  below  0.4  of  water  avail¬ 
ability  (average):  zones  of  high  water  stress— water  withdrawals  (demands)  above 
0.8  of  water  availability  (average). 
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Fig.  6.  Change  projections  in  river  outflow  levels  until  2050  (average  from  12  models  from  IPCC  AR4,  scenario  A1B). 

Source :  IPCC  [10]. 


Special  attention  must  be  given  to  less  well-regulated  drainage 
basins,  because  they  do  not  possess  hydraulic  structures,  as  well  as 
to  those  which  have  already  suffered  extreme  events,  droughts  and 
floods,  and  also  to  those  which  are  carelessly  exploited,  with  recur¬ 
rent  problems  of  pollution  and  water  shortage,  among  other  issues. 
In  the  case  of  unregulated  systems  which  do  not  possess  hydraulic 
infrastructure  of  sufficient  quality  to  attenuate  the  effects  of  hydro- 
logical  variability  on  the  quality  and  quantity  of  water,  vulnerability 
is  higher.  In  the  case  of  drainage  basins  which  are  exploited  in  a  dis¬ 
organized,  non-sustainable  way,  the  various  users  of  the  water  and 
soil  create  additional  restrictions  which  accentuate  vulnerability  to 
climate  change. 

However,  it  is  possible  to  apply  management  tools  to  water 
resources,  namely  the  integrated  management  of  drainage  basins, 
with  a  view  to  facilitate  adaptation  to  the  hydrological  effects  of  cli¬ 
mate  change  and  to  attenuate  the  different  forms  of  vulnerability 
within  each  basin. 

It  is  common  nowadays  to  manage  water  supply  (structural  pro¬ 
tection  against  floods,  building  of  levees,  use  of  water-storage  zones 
and  improvement  of  infra-structure  for  water  withdrawal  and  dis¬ 
tribution)  instead  of  managing  water  demand  (i.e.  influencing  the 
behavior  of  water  users  with  a  view  to  reducing  losses  and  better 
managing  the  consumption  of  water  in  the  drainage  basin). 

3.2.  Projections  for  regional  climate  change  and  their  limitations 
in  terms  of  water  resources 

Projections  for  climate  change  on  a  regional  level  in  terms  of 
water  resources,  that  is,  predictions  related  to  anomalies  in  rainfall 
on  drainage  basins  in  Brazilian  territory,  vary  markedly  from  one 
model  to  the  other.  For  example,  according  to  the  models  from  the 
Hadley  Center  (England),  variations  in  average  surface  flow  pro¬ 
jected  for  2050  in  the  Parana  river  basin,  assuming  an  increase 
of  1%  in  C02  concentration,  appear  as  positive  in  the  HadCM3 
model  (+50  to  150  mm/year  in  the  basin’s  margins)  and  as  nega¬ 
tive  in  the  HadCM2  (-50  to  150  mm/year  in  the  basin’s  margins) 
[8,11].  The  models  are  more  ambiguous  in  the  Southern  Hemi¬ 
sphere  due  to  its  hydrometeorological  observation  network  being 
smaller  and  more  recently  established  than  that  of  the  Northern 
Hemisphere. 

In  Fig.  6  we  present  the  results  for  the  river  flow  projections  for 
2050,  showing  the  average  of  the  12  models  used  by  the  IPCC  in  its 
2007  report  on  the  A1 B  scenario.  According  to  these  projections,  we 
would  have  outflow  decreases  in  part  of  the  Amazon  and  Tocantins 
river  basins,  which  would  be  worrying,  especially  for  new  enter¬ 
prises  aiming  to  establish  themselves  in  these  basins  with  high 
hydroelectric  potential.  However,  in  terms  of  the  Parana  river  basin, 
we  would  be  able  to  maintain  the  tendency  for  outflow  increase, 
which  would  favor,  above  ah,  the  hydroelectric  power  plant  struc¬ 
ture  already  installed  in  the  region,  such  as  the  Itaipu  Binational 


Hydroelectric  Power  Plant  and  the  Porto  Primavera  Hydroelectric 
Power  Plant. 

3.3.  Changes  in  rainfall  and  river  flow  patterns  in  South  America 

The  Brazilian  Power  Grid  is  highly  dependent  on  short  and 
medium-term  water  availability  for  the  generation  of ‘firm  energy’3 
and,  therefore,  for  the  guarantee  of  meeting  demand.  This  system 
has  been  planned  based  on  estimated-failure  probability  models, 
using  historical  series  of  flow  patterns  dating  back  to  1930  and  to 
which  are  added  yearly  new  sets  of  data  from  the  national  hydrom¬ 
eteorological  network,  currently  managed  by  the  Brazilian  National 
Water  Agency  (ANA). 

An  increasingly  integrated  hydroelectric  energy  generation  sys¬ 
tem  considerably  reduces  the  risks  of  not  meeting  energy  demands 
should  a  given  drainage  basin  suffer  from  an  occasional  dry  spell. 
However,  considering  that  most  Brazilian  power  plants  are  located 
in  the  Parana  river  basin,  more  than  55%  of  the  country’s  present 
available  generation  capacity  is  subject  to  the  same  climatic  vul¬ 
nerabilities.  We  must,  therefore,  seek  to  improve  the  models  for 
projecting  streamflow  patterns  in  the  short-  and  medium-terms. 

According  to  studies  by  IPH/UFRGS  (Hydroelectric  Research 
Institute  from  the  Federal  University  of  Rio  Grande  do  Sul)  and 
IAG/USP  (University  of  Sao  Paulo  Institute  of  Astronomy,  Geo¬ 
physics  and  Atmospheric  Science),  since  1970  the  Mid-West,  South 
and  Southeast  regions  have  presented  average  river  flow  pat¬ 
terns  approximately  30%  higher  than  those  of  the  preceding  period 
(1940-1970).  If  this  increase  is  permanent,  it  would  be  possi¬ 
ble  to  reassess  the  firm  energy  capacity  of  the  power  plants,  in 
other  words,  it  would  be  possible  to  generate  more  energy  with 
the  capacity  already  installed,  and  with  a  smaller  risk  of  failure 
[12]. 

Increase  in  streamflow  patterns  occurs  due  to  two  factors  [12]: 

•  Increase  in  rainfall  levels  in  the  regions  of  Brazil  referred  to; 

•  Changes  in  the  use  of  land  in  the  same  regions. 

In  the  first  case,  the  changes  may  represent  a  type  of  variability 
that,  in  the  medium-  and  long-terms,  will  tend  to  change  in  the 
sense  of  reducing  quoted  generation  capacity  and  average  produc¬ 
tion  levels. 

In  the  second  case,  the  increase  would  be  permanent,  and,  there¬ 
fore,  would  to  a  certain  extent  represent  an  energy  gain,  despite 
other  environmentally  harmful  aspects. 


3  The  ‘firm  energy’  of  a  hydroelectric  power  plant  corresponds  to  the  maximum 
continuously  produced  energy  that  can  obtained  at  that  plant,  assuming  the  lowest 
baseflow  period  registered  in  the  history  of  streamflow  patterns  for  the  region  in 
which  it  is  built. 
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Fig.  7.  South  America— rainfall  patterns  from  1 960  to  2000.  Note :  The  circles  indicate 
a  tendency  to  reduction  and  the  crosses  a  tendency  to  increase  in  rainfall.  Symbols 
in  bold  are  used  to  indicate  more  accentuated  tendencies. 

Source :  IPCC  [11]. 


According  to  the  results  obtained  from  the  IPCC  Workgroup  2 
Report  of 2007,  the  rainfall  patterns  in  South  America  between  1 960 
and  2000  reinforce  the  thesis  of  increased  rainfall  in  the  River  Plate 
basin  and  a  decrease  in  the  same  values  in  the  Chilean  and  Peruvian 
Pacific.  In  other  areas  the  signs  are  not  clear  (see  Fig.  7). 

4.  Conflicts,  impacts  and  vulnerabilities  in  generating 
hydroelectric  power 

An  aggravating  factor  in  the  Brazilian  experience  of  using  its 
hydroelectric  potential  concerns  the  great  diversity  found  among 
the  country’s  regions  in  terms  of  the  availability  of  water.  While 
droughts  are  a  recurrent  phenomenon  in  the  Northeastern  sertao,  in 
the  Southeast  it  is  industrial  and  urban  pollution,  allied  to  river  silt¬ 
ing,  that  are  the  worrying  trends.  Also,  further  South  there  is  more 
concern  with  agricultural  production  and  cattle-raising,  which  are 
responsible  for  a  diffused  type  of  pollution  of  the  surface  and  under¬ 
ground  bodies  of  water  that  is  difficult  to  control.  Even  in  the 
planet’s  largest  drainage  basin  there  are  problems  arising  from 
demographic  expansion  and  unplanned  settlements.  Some  of  these 
are  specific,  such  as  the  pollution  of  igarapes  [streams  originating  in 
forests— trans.]  and  rivers  that  pass  through  urban  areas,  and  others 
affect  whole  regions,  such  as  the  transmission  of  diseases  by  water 
and  the  decrease  in  water  quality  in  smaller  communities  during 
the  low-water  period. 

Thus,  it  is  important  to  highlight  that,  in  the  medium-  and  long¬ 
term  usage  scenarios  for  Brazilian  drainage  basins,  demand  for 
water  will  tend  to  increase  as  a  function  of  demographic  growth, 
and  above  all,  of  economic  development.  Fig.  8  summarizes  this  del¬ 
icate  scenario  of  conflicts  between  energy,  environment  and  water 
resources. 

4.2.  The  Amazon  river  basin— water  resources,  climatic 
vulnerability  and  variability  and  main  water  usage  conflicts 

The  continental  Amazon  River  basin  is  the  world’s  largest 
drainage  basin,  approximately  61,000,000  km2  in  area.  Located  in 
the  intertropical  zone,  it  receives  an  average  of  2460  mm  of  rainfall 
every  year.  Average  streamflow  at  the  mouth  of  the  Amazon  River 
at  the  Atlantic  Ocean  is  an  estimated  209,000  m3/s  [13]. 

According  to  the  results  of  the  hydrology  and  geochemistry  of 
the  Amazon  River  Basin  Project  (HiBAm),  the  Amazon  River  Basin 


is  affected  by  climatic  variability  caused  by  the  El  Nino  Southern 
Oscillation  (ENSO),  which  causes  a  significant  decrease  in  rainfall 
[14,15].  The  impacts  of  this  specific  instance  of  climatic  variabil¬ 
ity  on  the  hydrology  of  the  Amazon  River  and  its  main  tributaries 
have  been  studied  by  several  authors  [16-18],  but  these  results 
are  in  part  invalid  due  to  the  fact  that  they  do  not  consider  the  phe¬ 
nomenon  of  some  hydraulic  blockages  along  the  main  course  of  the 
Amazon  [19].  The  impact  of  this  climatic  variability  on  erosion  and 
on  the  flow  of  objects  transported  throughout  the  Amazon  River 
basin  remains  to  be  discovered. 

Among  the  certainties  and  uncertainties  regarding  the  hydro¬ 
meteorological  cycle  of  the  Amazon  River  basin  are  the  following: 

•  Rainfall  variability  is  relatively  understood  for  the  Brazilian  Ama¬ 
zon  [16,20],  as  well  as  in  the  Tropical  Andes  [21-23].  However, 
there  is  still  a  zone  that  has  not  been  thoroughly  studied  or  under¬ 
stood  (between  Southern  Latitude  Parallels  5  and  25),  since  it  is 
connected,  a  priori,  to  the  Amazon  Plains  (Llanos)  of  Bolivia,  Peru 
and  the  extreme  West  of  Brazil  [24-26]. 

•  The  current  hydrological  regimes  are  understood  for  the  rivers 
of  the  Bolivian  and  Brazilian  Amazon,  thanks  to  the  data  surveys 
provided  by  the  PHICAB  and  HiBAm  programs  [19,27].  However, 
there  is  practically  no  information  regarding  hydrology  and  ero¬ 
sion  in  streams  in  the  Tropical  Andes  (Colombia,  Ecuador  and 
Peru),  and  that  has  led  to  holding  up  the  process  of  hydrological 
modeling  of  the  Amazon  Basin  as  a  whole.  The  ENSO-hydrology 
relationship  has  been  little  explored  for  the  Amazon  River  and 
some  of  its  major  tributaries  [17].  To  sum  up,  it  can  be  said  that 
the  impact  of  climate  variability  on  hydrology  in  the  whole  of  the 
Amazon  Basin  is  still  fairly  unknown. 

4.2.2.  Socio-environmental  restrictions  on  the  use  of  the 
hydroelectric  potential  of  the  Amazon  Basin 

The  building  of  power  plants  in  the  Brazilian  Amazon  was  begun 
in  the  1970s  with  the  installation  of  the  Coaracy  Nunes  Power 
Plant  in  the  state  of  Amapa  in  1975.  The  plant  generates  40  MW  of 
power  and  uses  23  km2  of  flooded  area.  Since  then,  six  hydroelec¬ 
tric  power  plants  have  been  built  in  the  area,  amounting  to  a  total 
of  6050  MW  of  generated  power  and  7600  km2  of  flooded  area.  The 
socio-environmental  impacts  of  implementing  these  enterprises  in 
the  planet’s  largest  rainforest  ecosystem,  which  is  also  an  area  of 
high  cultural  and  biological  diversity,  are  the  basis  for  studies  and 
assessments  that  have  been  guiding  new  enterprises. 

Among  the  cases  studied,  that  of  the  Tucurui  Power  Plant, 
located  in  the  Tocantins  River  basin  in  an  area  of  tropical  rainforest, 
is  certainly  one  of  the  most  significant  ones.  It  is  the  plant  that  gen¬ 
erates  the  most  power  and  inundates  the  largest  area  among  those 
built  in  the  region  (4240  MW  and  2800  km2,  respectively),  having 
dislodged  4407  families. 

Construction  started  in  1976  and  the  plant  was  put  into  opera¬ 
tion  in  1984,  initially  aiming  to  generate  electricity  for  the  towns  of 
the  Eastern  Amazon  region  to  stimulate  occupation  of  the  area  and 
encourage  the  development  of  the  Northern  region  of  Brazil.  It  also 
endeavored  to  facilitate  navigation  in  the  region’s  rivers  through 
the  use  of  locks.  However,  the  enormous  mineral  potential  of  the 
area  attracted  electricity-intensive  industries  to  the  region,  espe¬ 
cially  aluminum  companies,  which  require  high  levels  of  electricity. 
To  satisfy  these  demands,  the  Tucurui  power  plant  also  provided 
power  for  the  region’s  industrial  sector.  Currently,  the  plant  pro¬ 
vides  50%  of  its  output  for  industry  and  uses  the  other  half  to  provide 
electricity  for  the  states  of  Para  and  Maranhao. 

The  lack  of  specific  environmental  legislation  at  the  time,  the 
disrespect  for  legislation  that  was  in  force  and  the  lack  of  data 
regarding  the  region  have  brought  about  a  series  of  impacts, 
expected  or  otherwise.  The  Brazilian  power  sector  has  learned 
much  from  Tucurui. 
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Fig.  8.  Restrictions  and  usage  vulnerabilities  of  the  use  of  hydroelectric  potential  per  region. 

Source :  The  author’s  own  material. 


Among  the  unexpected  impacts,  the  following  stand  out:  iso¬ 
lation  of  the  river-dwelling  populations  after  the  filling  of  the 
reservoirs;  irregular  and  disorganized  settlements;  water  usage 
conflicts;  lack  of  infra-structure;  severe  proliferation  of  flies;  inten¬ 
sification  of  predatory  timber  extraction;  loss  of  fishing  zones 
downstream  from  the  dam;  appearance  of  large  schools  of  fish 
above  the  dam;  enormous  animal  losses  with  the  filling  of  reser¬ 
voirs;  emission  of  greenhouse  effect  gases  from  the  surface  of  the 
dam  lake;  re-settlement  in  areas  unsuitable  for  agriculture;  high 
level  of  abandonment  of  allocated  dwellings,  and  the  sale  of  these; 
pressure  on  the  local  landowning  structure;  destruction  of  social 
bonds  of  the  indigenous  communities  that  lived  in  the  area;  selec¬ 
tive  power  supply,  with  lack  of  service  to  the  populations  affected; 
population  under-qualified  for  the  jobs  offered  in  the  region;  con¬ 
flicts  between  commercial  and  small-scale  fishing,  and  problems 


regarding  the  amount  to  be  paid  as  compensation  to  those  who  had 
their  homes  flooded.  Among  the  expected  impacts,  the  loss  of  the 
region’s  rich  biodiversity  is  worth  emphasizing  [5,14,28]  (Fig.  9). 

It  is  important  to  highlight  the  important  technical  break¬ 
throughs  achieved  during  the  latest  projects  for  hydroelectric 
power  plants  in  the  Amazon  Basin,  in  other  words,  there  is  a  clear 
concern  on  the  part  of  both  public  and  private  entrepreneurs  in 
the  power  sector  in  building  smaller  reservoirs  for  power  plants,  as 
can  be  seen  in  the  Santo  Antonio  (3150  MW)  and  Jirau  (3300  MW) 
power  plants  on  the  River  Madeira,  with  estimated  flooded  areas 
of  271  and  258  km2,  respectively,  as  well  as  the  Belo  Monte  plant, 
with  an  estimated  flooded  area  of  400  km2  and  generated  power 
capacity  of  7500  MW  [29]  (Table  2). 

With  regard  to  global  issues,  the  Amazon  Basin  has  a  funda¬ 
mental  role  in  the  climatic  dynamics  and  hydrological  cycle  of  the 


Fig.  9.  Amazon  and  Tocantins  River  Basins  -  hydroelectric  power  plants  (already  planned  and  in  study)  and  conservation  units/indigenous  reservations. 
Source :  Author’s  own  material. 
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Table  2 

Power  plants  in  the  Amazon  Region  -  reservoir  area/plant  generated  power  ratio. 
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Power  plants  in  the 

Amazon  Region 

Reservoir  area 
(km2) 

Reservoir  area/generated  power 
ratio  (km2/W) 

Balbina 

2360 

250 

9.44 

Samuel 

584 

217 

2.69 

Manso 

387 

210 

1.84 

Tucurul 

Stage  1 

2414 

4000 

0.61 

Stage  1 

8000 

0.3 

Jirau 

258 

3300 

0.08 

Santo  Arconio 

271 

3150 

0.086 

Source :  FURNAS  [29]. 


planet.  The  basin  represents  approximately  16%  of  the  world’s  sur¬ 
face  freshwater  stocks,  and,  consequently,  contributes  greatly  to 
the  rainfall  and  evapotranspiration  regimes  in  South  America  and 
the  whole  world.  Regional  and  global  changes  have  caused  changes 
in  the  climate  and  hydrology  of  the  region:  namely,  changes  in  the 
use  of  the  soil,  with  the  conversion  of  more  than  700,000  km2  of 
rainforest  into  pasture,  as  well  the  global  climate  warming  phe¬ 
nomenon,  which  has  registered  increases  in  average  temperature  of 
0.6-0.9  °C  over  the  last  hundred  years.  Actually,  marked  changes  in 
temperature  may  lead  to  other  changes  in  the  environment,  includ¬ 
ing  the  intensification  of  the  global  hydrological  cycle,  which  will 
in  turn  lead  to  more  impacts  on  water  resources  at  regional  levels. 
In  fact,  different  changes  in  temperature  in  the  atmosphere,  con¬ 
tinents  and  oceans  lead  to  changes  of  atmospheric  pressure  and 
wind  patterns,  therefore,  we  may  expect  changes  in  rainfall  pat¬ 
terns,  as  has  been  predicted  by  the  mathematical  models  for  global 
climate  change  prediction  of  the  Hadley  Center  for  2050,  which 
predict  average  reductions  of  150-250  mm/year  in  rainfall  in  the 
area. 

It  should  be  pointed  out  that,  if  the  occurrence  of  anomalous 
increases  in  Surface  Temperature  in  the  Pacific  and  Atlantic  Oceans 
intensifies,  rainfall,  and  consequently  streamflow  levels  will  be 
reduced.  In  fact,  in  terms  of  the  Pacific  Ocean,  “the  occurrences 
of  El  Nino  have  brought  events  of  extreme  lack  of  rain,  and,  con¬ 
sequently,  low  discharges  into  the  rivers  in  the  region,  especially 
in  the  Northeastern  part  of  the  Amazon”.  Tendencies  to  drier  con¬ 
ditions  were  observed  during  the  El  Nino  events  of  1903,  1912, 
1925-26,  1982-83,  1986-87  and  1997-98.  Regarding  the  Atlantic 
Ocean,  according  to  the  Brazilian  Center  for  Weather  Forecasting 
and  Climate  Studies  (CPTEC/Inpe)  and  the  Brazilian  National  Mete¬ 
orology  Institute  (INMET),  during  the  period  from  September  2004 
to  September  2005,  the  Sea  Surface  Temperature  was  0.5-1. 5  °C 
above  the  average  for  the  Northern  Atlantic  Ocean,  in  other  words, 
an  abnormal  persistent  warming  phenomenon  was  registered.  This 
phenomenon,  possibly  responsible  for  the  2005  drought  in  the 
Amazon,  eventually  altered  the  currents  of  humid  air  mass  in  the 
Amazon  region,  especially  in  important  areas  of  the  drainage  basins 
of  the  Solimoes,  Negro,  Madeira,  Jurua  and  other  rivers  [30].  As 
to  hydroelectric  potential,  the  tendency  to  create  reservoirs  with 
smaller  capacities,  as  mentioned  above,  will  leave  the  region  more 
vulnerable  in  terms  of  hydroelectric  generation  in  years  of  water 
deficiency. 

5.  Adaptation  measures  in  the  Brazilian  hydroelectric 
system  and  in  water  use  to  the  risks  of  global  climate 
change 

Given  the  uncertainties  of  the  current  climatologic  models 
when  predicting  future  rainfall  patterns  in  the  Brazilian  drainage 
basins,  the  recommendations  made  here  are  concentrated  above 
all  on  reducing  the  vulnerabilities  already  detected  with  a  view  to 


expanding  and  sustaining  the  generation  of  hydroelectric  power  in 
Brazil. 

5.2.  Conflicts  between  hydroelectric  energy  and  other  users  of 
water  resources 

The  occurrence  of  extreme  events,  such  as  droughts  and  floods, 
more  often  and  more  severely  will  increase  conflict  among  water 
users  in  the  various  drainage  basins  of  Brazil.  In  terms  of  hydro¬ 
electric  enterprises  specifically,  the  increase  in  demand  for  water 
resources  -  in  absolute  terms  and  in  their  various  forms  -  will 
require  a  more  profound  knowledge  of  the  area  where  those  enter¬ 
prises  are,  as  well  as  constant  supervision  of  generating  conditions, 
and  not  only  in  the  power  plant  or  in  the  reservoir  areas.  Hydrolog¬ 
ical  balance  will  have  to  become  more  precise,  surveys  regarding 
environmental  and  economic  impacts  will  have  to  be  more  detailed, 
etc.  To  sum  up,  the  power  plant’s  social  responsibility  towards  the 
river-dwelling  peoples  and  other  users  will  tend  to  increase.  The 
challenge  in  hydroelectric  power  generation  is  including  in  its  plan¬ 
ning  new  ideas— and,  therefore,  new  competences  that  are  often 
very  different. 

5.2.  Conflicts  between  hydroelectric  energy  and  other  users  of  the 
land 

Demographic  growth  and  expansion  of  occupation  (organized  or 
not)  of  Brazilian  territory  tends  to  increase  the  number  of  individ¬ 
uals  affected  by  hydroelectric  enterprises,  who  then  gain  political 
power  when  making  their  demands.  This  means  the  process  of 
making  a  project  viable  and  putting  it  into  practice  becomes  an 
extremely  critical  stage,  since  it  now  depends  not  only  on  long-term 
financing  but  also  on  increasingly  longer  negotiations,  with  higher 
transaction  costs  and  fewer  guarantees  of  success.  It  is  important 
to  revise  the  laws  defining  the  compensation  criteria  for  individu¬ 
als  affected  by  hydroelectric  undertakings.  For  instance,  there  is  no 
legislation  today  regarding  populations  and  municipalities  down¬ 
stream  from  dams,  nor  regarding  specific  groups  such  as  indigenous 
populations. 

5.3.  Multiple  and  integrated  management  of  reservoirs 

The  increase  in  frequency  and  intensity  of  extreme  events, 
such  as  the  anomalous  warming  phenomena  of  the  Pacific  (El 
Nino)  and  Atlantic  Oceans,  require  a  more  flexible  approach  to 
the  management  of  reservoirs,  apart  from  the  mere  optimiza¬ 
tion  of  hydroelectric  power  generation.  Measures  must  be  taken 
to  reduce  the  negative  impacts  and  increase  the  benefits  to  the 
basin  and  to  the  users  involved.  Such  measures  are  taken  both 
at  the  moment  when  the  decision  is  made  to  build  the  power 
plant  as  well  as  when  deciding  how  to  manage  its  reservoir,  and 
as  a  consequence  many  social  costs  may  finally  be  imposed  on 
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Fig.  10.  Energy  exchange  between  regions.  SE/CO— Southeast/Midwest;  S— South; 
NE— Northeast;  N— North;  MAN/AP— Manaus/Amapa;  IV— Ivaipora;  It— Binational 
Itaipu  Hydroelectric  Plant;  AC/RO— Acre/Rondonia;  BM— Belo  Monte;  TP— Teles 
Pires/Tapajos;  IMP— Imperatriz. 

Source :  EPE  [  1 ,3 1  ]. 

the  generating  company  by  the  Government,  a  tendency  already 
observed  internationally.  Therefore,  there  should  be  an  increase 
in  investments  previously  considered  marginal  to  the  main  line  of 
business,  such  as  conservation  of  vegetation  growth,  regulation  of 
streamflow  from  the  rivers  and  their  tributaries,  controlled  disposal 
of  industrial  waste,  the  acquisition  of  hydrological  information 
and  the  establishment  of  orderly  use  of  the  land  in  the  drainage 
basin. 

5.4  Reservoirs  and  flood  control  regularization 

The  hydraulic  operation  of  reservoir  systems  is  always  directed 
towards  energy  optimization  and  to  meet  the  multiple  uses  of 
water.  Not  only  benefits  the  other  water  users,  as  water  supply, 
navigation  and  agriculture,  but  also  the  reservoir  accumulation  are 
important  for  flood  control.  Thus,  to  preserve  the  cities  downstream 
of  the  project. 

From  the  perspective  of  energy  optimization,  the  existence 
of  reservoir  accumulation  provides  important  energy  exchange 
between  regions  of  the  country,  made  through  the  National  Inter¬ 
connected  System,  as  illustrated  in  Fig.  10. 

The  National  Electric  System  Operator  -  ONS  -  forwards  annu¬ 
ally  the  Report  Rules  for  Operation  of  Flood  Control  for  each  of 
the  systems  of  reservoirs  included  in  the  Annual  Plan  for  Flood 
Prevention  to  the  National  Agency  of  Electrical  Energy  -  ANEEL 
-  and  to  the  National  Water  Agency  -  ANA  -  for  evaluation  and 
then  makes  it  available  to  the  agents  operating.  The  Annual  Plan 
for  Flood  Prevention  results  from  the  study  of  flood  prevention 
systems  in  reservoirs,  in  which  are  determined  physical  resources, 
known  as  volumes  of  waiting  for  the  flood  control.  These  resources 
are  part  of  the  working  volumes  of  the  reservoirs,  below  the  maxi¬ 
mum  normal  operating,  to  be  used  in  flood  control.  The  allocation  of 
expected  volumes  in  the  reservoirs  of  hydroelectric  exploitations 
can  generate  impacts  in  the  energetic  operation  of  the  National 
Interconnected  System  (SIN),  since  it  restricts  the  maximum  stor¬ 
age  capacity  of  reservoirs.  These  volumes  are  dependent  on  the 
restrictions  imposed  by  irregular  occupations  in  troughs  in  the 


river  downstream  of  development.  Every  year,  despite  the  impact 
in  energetic  operation,  these  restrictions  are  reassessed. 

5.42.  North-South  Interconnection 

Until  1998,  the  Brazilian  Power  System  was  com¬ 
posed  of  two  subsystems,  the  North/Northeast  and  the 
South/Southeast/Midwest,  which  operated  separately  until 
the  entry  into  operation  of  the  first  circuit  of  North-South  Inter¬ 
connection,  forming  the  National  Interconnected  System  (SIN). 
Currently  (Fig.  11),  this  interconnection  is  formed  by  three  500  kV 
circuits,  being  two  circuits  since  SE  Imperatriz  until  Serra  da  Mesa 
and  one  circuit  since  Itacaiunas  until  Serra  da  Mesa.  Studies  of 
generation  expansion  indicate  requirements  for  expansion  of 
capacity  for  exchanges  between  the  North  and  Southeast/Midwest 
regions,  whose  alternative  transmission  expansion,  contemplating 
including  the  influence  of  connecting  the  AHE  Belo  Monte  in 
northern,  are  currently  being  reviewed  by  the  Energy  Research 
company. 

5.5.  New  institutional  and  regulatory  arrangements  for  the 
generation  of  hydroelectric  power 

Reducing  vulnerability  in  hydroelectric  enterprises  requires 
above  all  a  major  acceptance  of  those  enterprises  by  society.  It 
has  to  be  accepted  that  the  complexity  of  the  most  recent  projects 
is  far  greater  than  that  observed  until  the  1980s,  essentially  due 
to  changes  in  legislation.  Today  numerous  institutional  arrange¬ 
ments  and  political  connections  must  take  place  before  the  decision 
is  made  to  invest  in  the  building  of  a  dam,  a  hydroelectric  power 
plant  or  a  large  thermal  power  generation  center.  Authorizations 
must  be  obtained  from  regulatory  agencies  in  the  power,  water 
and  environmental  sectors,  as  well  as  agreements  that  must  be 
made  with  governors,  mayors  and  local  community  associations. 
The  current  regulatory  requirements  not  only  demand  a  series  of 
environmental  licenses  for  the  exploitation  of  hydroelectric  poten¬ 
tial  and  permits  for  the  use  of  water,  but  also  impose  heavy  fees  for 
its  use,  consumption  and  discharge,  as  well  as  obligations  regard¬ 
ing  the  acquisition  and  provision  of  hydrological  information.  It  is 
no  wonder  that,  of  the  several  projects  projected  for  the  power  sec¬ 
tor  in  the  1980s,  few  were  not  cancelled,  postponed  or  completely 
reformulated  during  the  1990s. 

5.5.2.  New  institutional  and  regulatory  arrangements  for  the 
generation  of  hydroelectric  power 

The  National  Energy  Agency  (ANEEL)  and  the  National  Water 
Agency  (ANA)  published  in  October  2010,  in  the  Official  Gazette,  the 
Joint  Resolution  no.  003,  which  expands  the  scope  of  monitoring  the 
country’s  water  resources.  The  Joint  Resolution  no.  003  establishes 
the  conditions  and  procedures  to  be  followed  by  dealers  and  autho¬ 
rized  to  generate  hydroelectric  power  for  the  installation,  operation 
and  maintenance  of  hydrometric  stations  in  order  to  monitor  rain¬ 
fall,  limnimetric,  fluviometric,  sedimentometric  scales  and  water 
quality  associated  with  hydropower  development,  and  indicates 
other  providences.  This  was  the  first  joint  standard  between  reg¬ 
ulatory  agencies.  Besides  the  parameters  defined  in  the  former 
Resolution  396/1998,  which  was  repealed,  will  be  checked  the 
level  of  sedimentation  in  lakes  and  the  quality  of  water  used  in 
hydropower  projects.  Other  innovations  included  in  the  resolution 
will  allow  the  constant  and  remote  transmission  of  information 
to  ANA,  responsible  for  data  management.  This  way,  the  oversight 
agency  may  act  more  efficiently.  The  dealers  and  authorized  agents 
of  generation  covered  by  this  current  regulatory  will  have  to  send 
to  the  National  Water  Agency  (ANA)  the  annual  report  by  April  30  of 
the  following  year,  according  to  the  model  defined  by  this  agency. 
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Fig.  11.  Transmission  lines  of  the  National  Interconnected  System  -  SIN. 


5.5.2.  Technological  and  economic  opportunities  in  the  electricity 
generating  sector 

The  reduction  of  vulnerability  in  the  generating  sector  of  the 
Brazilian  power  grid  depends  strongly  on  integration  with  other 
sources  of  energy  and  enterprises  on  several  levels.  In  other  words, 
an  additional  challenge  to  be  considered  concerns  the  changes  that 
have  occurred  in  the  generation  industry  itself,  both  in  the  techno¬ 
logical  and  economic  fields.  Technical-economic  paradigms,  such 
as  those  of  large  power  plants,  have  been  strongly  opposed  for 
instance,  and  new  business  opportunities  have  arisen  in  the  field 
of  establishing  and  operating  small  power  stations.  We  see  today 
a  proliferation  of  small  power  plants  based  on  small  streams  and 
waterfalls,  the  reutilization  of  biomass  residues,  wind  farms  in 
coastal  areas  and  even  aviation-derived  turbines  fueled  by  natu¬ 
ral  gas  that  can  be  installed  in  city  buildings.  The  economic  impact 
has  been  almost  immediate:  less  dependent  on  large-scale  prof¬ 
its,  the  new  generating  technologies  have  enabled  new  products  to 
enter  the  market,  significantly  improving  competition.  This  move 
has  been  reinforced  by  the  general  deregulation  of  infrastructure 
services  in  developing  and  developed  countries.  In  this  completely 
remodeled  scenario,  the  list  of  most  important  actors  in  the  pro¬ 
cess  includes  some  large  multinational  groups,  working  from  the 
basis  of  the  planetary  scale  of  their  operations,  as  well  as  growing 
economies  (either  in  breadth  or  scope)  that  are  emerging  among 
the  different  infrastructure  sectors.  But  the  new  actors  in  the  spot¬ 
light  are  companies  or  conglomerates  on  a  regional  or  local  scale, 
which  have  entered  the  energy  generating  business  encouraged 
by  the  availability  of  smaller  units  that  can  be  placed  near  con¬ 


sumer  centers,  built  more  quickly  and  in  modules,  are  fairly  flexible 
in  their  operation  and  can  work  if  necessary  only  during  peak 
hours. 

Another  factor  in  favor  of  these  smaller  enterprises  is  the  pres¬ 
sure  for  profitability  that  appeared  in  the  1990s  and  began  with 
speculation  in  stock  markets  throughout  the  world.  In  the  infras¬ 
tructure  sector,  and  especially  in  the  energy  generating  sector,  the 
leitmotiv  has  become  speed  of  return  on  investment  and  the  mitiga¬ 
tion  of  risks,  two  concepts  that  perfectly  agree  with  the  philosophy 
and  cost  structure  of  these  new  projects. 

5.6.  Energy  integration  with  neighboring  countries 

5.6.1.  Current  status 

Besides  the  Binational  Itaipu  Hydroelectric,  involving  Brazil  and 
Paraguay,  the  current  setup  includes  interconnections  between 
Brazil  and  Argentina,  Uruguay  and  Venezuela. 

With  Argentina,  Brazil  has  two  electric  interconnections,  both 
made  by  converting  frequency  50/60  Hz,  back-to-back  type.  The 
first  converter,  with  power  equal  50  MW,  is  located  in  the  city  of 
Uruguaiana,  Brazil,  and  the  second,  with  power  equal  to  2200  MW, 
located  in  the  city  of  Garabi,  Argentina. 

The  interconnection  Brazil-Uruguay  existing  is  accomplished 
through  a  50/60  Hz  frequency  converter,  back-to-back,  with  power 
of  70  MW,  located  in  Rivera  (Uruguay)  and  the  interconnection 
between  Brazil  and  Venezuela  is  accomplished  through  the  sub¬ 
stations  of  Boa  Vista  in  Brazil  and  El  Guri  in  Venezuela,  and  the 
system  capacity  of  200  MW. 
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5.6.2.  Integration  possibilities 

Brazil  is  seeking  to  establish  agreements  with  bordering  coun¬ 
tries  looking  for  regional  energy  integration.  As  these  agreements 
are  going  to  solidify,  the  projects  are  to  incorporate  the  planning 
studies  of  the  expansion  of  the  supply  sector.  Among  them,  the 
following  projects  are  outstanding: 

•  Inambari  Power  Plant,  with  about  2  GW  of  power,  whose  conclu¬ 
sion  of  the  feasibility  study  is  scheduled  for  the  first  half  of  201 1 . 
Peru  has  hydroelectric  potential  estimated  between  6  and  7  GW 
[31]. 

•  Cachoeira  Esperan^a  Hydroelectric  Power  Station,  with  power  of 
800  MW,  being  implemented  in  Bolivian  territory,  between  Inam¬ 
bari  (Peru)  and  the  Brazilian  power  plants  in  Madeira  River  (Santo 
Antonio  and  Jirau,  in  Brazil). 

•  Garabi  and  Panambi  Power  Plants,  binational  enterprises  located 
in  Uruguai  River,  between  Brazil  and  Argentina,  in  inventory  final 
phase  and  with  installed  capacity  of  1 1 37  MW  and  985  MW  of  ref¬ 
erence,  respectively.  Currently  are  being  defined  the  parameters 
for  the  hiring  of  feasibility  studies. 

Are  also  being  performed  hydropower  inventory  studies  in 
Guyana,  whose  potential  is  about  7.5  GW,  being  possible  to  nego¬ 
tiate  a  construction  of  one  or  two  power  plants  in  this  country  to 
import  part  of  the  electricity  to  be  produced  [31  ]. 

It  is  essential  that  opportunities  for  regional  integration  are 
evaluated,  either  through  new  power  plants,  either  through  new 
transmission  lines.  However,  we  must  remember  that  for  the  con¬ 
struction  of  hydroelectric  plants  in  transboundary  basins,  e.g., 
Madeira,  it  is  necessary  to  invest  in  monitoring  stations  and  to 
create  mechanisms  for  sharing  of  hydrological  data. 

6.  Conclusion 

Hydroelectric  power  plants  in  Brazil  contribute  76.9%  of  all 
electricity  generated  in  the  country.  Despite  the  large  share  of 
hydroelectricity,  north  of  the  country  still  has  a  great  hydraulic 
potential  to  be  availed,  mainly  in  the  Amazon  basin.  It  is  very 
likely  that,  due  to  increasing  socio-environmental  resistance,  the 
future  plants,  especially  those  in  Central  and  North  West  are  prac¬ 
tically  built  with  no  reservoir.  As  the  Brazilian  system  has  large 
storage  capacity  and  being  maintained  the  integrative  role  of  the 
transmission  system,  this  limitation  can  be  bypassed.  The  South¬ 
east  reservoirs  can  still  play  the  role  of  virtual  reservoir  of  these 
run-of-the-river  plants,  however,  there  will  be  a  need  for  greater 
participation  of  flexible  thermal.  It  is  noteworthy,  though,  that 
because  of  the  run-of-the-river  plants  not  having  reservoirs  and 
therefore  the  ability  to  regulate  the  flow  of  rivers  cannot  contribute 
to  mitigating  the  problem  of  flooding.  In  period  between  1997  and 
2000,  the  Brazilian  hydroelectric  system  lost  its  ability  to  reserve 
multiannual  because  of  the  implantation  of  the  new  model  pro¬ 
posed  for  the  electricity  sector  and  consequent  lack  of  building  new 
plants.  The  existing  reservoirs  were  then  gradually  being  emptied, 
until  the  summer  of  2000/2001,  when  the  country  had  to  ration 
power.  There  was  then,  an  extraordinary  accession  and  cooper¬ 
ation  of  society,  that  brought  plenty  of  energy  in  market,  due  to 
reduced  domestic  demand,  and  also  a  great  learning  experience  for 
the  country. 

During  this  period,  the  Brazilian  electric  sector  planning  has  suf¬ 
fered  a  serious  discontinuity  of  stoppage  of  the  process  of  inventory 
studies. 

Regional  and  global  changes,  such  as  changes  in  land  use  and 
interference  with  the  climate  change,  with  changes  in  temperature 
and  in  rainfall  regimes,  require  the  completion  of  studies  to  predict 
and  assess  the  climate  vulnerability  to  power  generation  sector, 


with  emphasis  on  the  assessment  of  inflows  to  the  hydroelec¬ 
tric  reservoirs  by  means  of  weather  forecasting  and  hydrological, 
fundamental  in  defining  scenarios  in  which  the  energetic  and 
hydrological  risks  can  be  known  in  advance. 

Given  the  importance  of  hydroelectricity  in  the  Brazilian  energy 
matrix,  we  should  seek  for  extending  the  knowledge  of  the  national 
hydraulic  potential  and,  also,  in  neighboring  countries  in  order  to 
provide  mutual  and  synergetic  gains  in  the  implementations  of  the 
new  plants.  The  realization  of  joint  inventory  and  feasibility  stud¬ 
ies  of  transboundary  basins  should  be  encouraged.  It  is  possible  to 
realize  that,  as  source  of  information,  only  SIPOT  -  Hydraulic  Poten¬ 
tial  Information  System,  from  Eletrobras,  presents  an  assessment 
of  the  national  territory.  A  large  share  of  this  potential  is  located 
in  Amazon  and  the  major  developments  planned  in  the  region  are 
located  in  Madeira,  Xingu  and  Tapajos  rivers. 

From  the  above,  the  implementation  of  the  hydroelectric  power 
stations  in  Brazil  should  reach  a  balance  between  the  energy  pro¬ 
duction  and  the  socioenvironmental  aspects  and  multiple  uses  of 
water  resources. 

In  this  sense,  it  is  important  to  highlight  some  characteristics  of 
hydropower  in  Brazil: 

-  Seasonal  feature  of  the  water  input; 

-  High  growth  in  energy  consumption,  particularly  in  the  North¬ 
east; 

-  Location  of  the  new  hydroelectric  plants  away  from  the  con¬ 
sumption  centers  and  with  more  stringent  socioenvironmental 
restrictions. 

Despite  the  advances  made  in  view  of  socio-environmental 
projects,  the  relocation  of  people  is  still  treated,  in  many  compa¬ 
nies,  by  the  areas  of  real  estate  assets,  and  not  under  a  broader 
view,  involving  the  areas  of  environment.  On  the  other  hand,  the 
need  for  regional  integration  has  proved  the  most  controversial 
issue  currently  faced  by  the  electricity  sector.  In  the  poorest  areas 
of  the  country,  hydroelectric  generation  companies  often  are  seen 
by  the  population  as  the  state  itself.  The  hospital  set  up  to  meet 
the  staff  of  the  Paulo  Afonso  Hydropower  Plant  (BA),  for  example, 
became  the  major  reference  center  for  public  health  care  in  the 
region  of  the  Sao  Francisco  River.  This  symbiosis  between  Energy 
Company  and  the  government  resulted  in  difficulties,  in  the  major¬ 
ity  of  dealers,  in  mapping  regional  integration  programs  that  run 
away  from  paternalistic  character  and  from  municipalities  local 
political  actions  where  power  plants  are  located.  It  is  noteworthy 
also,  that  the  municipalities  have  received  over  the  past  20  years, 
the  financial  resources  from  financial  compensation  for  the  use  of 
water  resources,  however,  these  rarely  invest  these  resources  in 
strategies  unrelated  to  the  treatment  of  the  socioenvironment. 

Some  lessons  were  learned,  such  as: 

•  Future  hydroelectric  enterprises  must  be  implemented  with  local 
and  regional  development  goals  from  their  very  conception,  not 
restricting  themselves  to  the  generation  of  power  for  enterprises 
that  will  bring  benefits  to  other  areas. 

•  The  implementation  of  new  hydroelectric  enterprises  must  be 
preceded  by  the  elaboration  of  a  hydraulic  inventory  of  the  whole 
basin,  incorporating  not  only  the  physical  consequences,  but  also 
an  assessment  of  all  social  and  environmental  impacts  that  will 
ensue. 

•  The  importance  of  a  prior  assessment  of  the  environmental 
impact  of  several  different  alternatives  calls  for  the  creation  and 
fine-tuning  of  new  mechanisms  for  public  participation  in  all 
stages  of  projects  for  large  dams. 

•  The  implementation  of  hydroelectric  enterprises  must  involve 
the  evaluation  and  support  of  a  drainage  basin  committee,  which 
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should  mediate  negotiations  between  the  various  agents  and 
water  users  involved  in  the  process. 

•  The  criteria  for  definition  of  the  area  directly  impacted  by  the 
hydroelectric  enterprise  should  be  subject  to  legal  scrutiny,  and 
compensation  rights  should  be  offered  to  all  involved.  Such  a 
study  should  not  be  restricted  to  the  flooded  area  alone,  and  social 
control  mechanisms  should  be  created  to  make  sure  the  finan¬ 
cial  resources  invested  are  directed  to  the  right  place  and  used 
correctly. 

•  Scientific  uncertainty  concerning  the  magnitude  and  relevance 
of  the  environmental  impacts  and  risks  brought  by  the  enter¬ 
prise  should  be  addressed  by  the  adoption  of  the  ‘principle  of 
caution’  throughout  all  stages  of  planning,  building  and  operating 
the  project. 

•  Recognition,  on  the  part  of  the  entrepreneur,  that  social  move¬ 
ments  are  legitimate  voices  in  defining  public  policies  and  in 
taking  decisions  that  affect  their  way  of  life. 

•  The  need  to  ensure  access  to  technical  information,  in  language 
appropriate  for  laymen,  concerning  the  project  and  associated 
impacts. 

•  The  need  to  create  permanent  channels  of  communication 
between  the  entrepreneur  and  the  communities  affected  by  the 
enterprise  throughout  the  entire  cycle  of  the  project. 

•  Promotion  of  integrated  development  actions  for  rural  areas  with 
an  emphasis  on  renewable  energy  projects  and  improvement  of 
quality  of  life  for  the  population,  taking  into  consideration  ease 
of  access  to  the  benefits  brought  by  the  enterprises  to  the  urban 
populations  and  the  low  rate  of  services  rendered  to  the  rural 
populations  of  the  Amazon. 

•  The  lessons  learned  should  be  of  service  in  the  planning,  build¬ 
ing  and  operation  of  other  hydroelectric  projects  in  the  Amazon, 
so  that  these  can  contribute  to  the  sustainable  and  participative 
development  of  the  region  and  of  the  country. 

References 

[1]  EPE.  Balan^o  Energetico  Nacional  2010:  Ano  base  2009/Brazilian  Energy  Bal¬ 
ance  2010:  Year  2009.  Brasil:  Empresa  de  Pesquisa  Energetica;  2010,  276  pp, 
http:/ /ben.epe.gov.br/downloads/Relatorio_Final_BEN_201 0.pdf. 

[2]  Eletrobras.  Sistema  de  informa^ao  do  potencial  hidreletrico  brasileiro  -  SIPOT. 
Brasil:  Centrais  Eletricas  Brasileiras  -  Eletrobras;  2010  Dezembro. 

[3]  IEA.  Key  world  energy  statistics  2008.  France:  International  Energy  Agency; 
2008. 

[4]  Taylor  R.  The  possible  role  and  contribution  of  hydropower  to  the  mitigation  of 
climate  change.  In:  Intergovernmental  panel  on  climate  change  scoping  meet¬ 
ing  on  renewable  energy.  2008. 

[5]  Freitas  MAV.  Hidreletricidade  no  Brasil:  Perspectivas  de  Desenvolvimento 
e  Sustentabilidade.  In:  Freitas,  M.A.V.  (org.),  O  Estado  das  Aguas  no 
Brasil— 2001-2002,  Agenda  Nacional  de  Aguas  -  ANA,  Ministerio  do  Meio 
Ambiente,  Organiza^ao  Meteorologica  Mundial  -  OMM,  Banco  Mundial  -  BIRD. 
Brasilia,  maio  de  2003;  2003,  paginas  49-63. 

[6]  World  Meteorological  Organization.  Declaracion  de  la  OMM  sobre  El  Estado  del 
Clima  Mundial  en  2003.  Genebra,  OMM-No  966;  2004, 12  pp. 

[7]  Poppe  MK,  La  Rovere  E  (Org.).  Mudan^as  Climaticas  -  Cadernos  do  Nucleo  de 
Assuntos  Estrategicos  da  Presidencia  da  Republica-NAE.  Brasilia:  Secretaria  de 
Comunicacao  de  Governo  e  Gestao  Estrategica  -  Presidencia  da  Republica,  v.  1 ; 
2005. 

[8]  Intergovernmental  Panel  on  Climate  Change  -  IPCC.  Bilan  2001  des  Change- 
ments  Climatiques  -  Rapport  de  Synthese.  Genebra:  OMM  e  PNUMA;  2003. 

[9]  Kundzewicz ZW,  Mata  LJ, Arnell  NW,  Doll  P,  Rabat P, Jimenez  B,  et al.  Freshwater 
resources  and  their  management.  In:  Parry  ML,  Canziani  OF,  Palutikof  JP,  Van 
Der  Linden  PJ,  Hanson  CE,  editors.  Climate  change  2007:  impacts,  adaptation 
and  vulnerability.  Contribution  of  working  group  II  to  the  fourth  assessment 
report  of  the  intergovernmental  panel  on  climate  change.  Cambridge,  UK:  Cam¬ 
bridge  University  Press;  2007.  p.  173-210. 

[10]  Intergovernmental  Panel  on  Climate  Change  -  IPCC.  In:  Parry  ML,  Canziani 
OF,  Palutikof  JP,  van  der  Linden  PJ,  Hanson  CE,  editors.  Climate  change  2007: 


impacts,  adaptation  and  vulnerability.  Contribution  of  working  group  II  to  the 
fourth  assessment  report  of  the  intergovernmental  panel  on  climate  change. 
Cambridge,  UK:  Cambridge  University  Press;  2007,  976  pp. 

[11]  Intergovernmental  Panel  on  Climate  Change  -  IPCC.  Freshwater  resources  and 
their  management.  Cambridge,  UK:  Cambridge  University  Press;  2007, 155  pp. 

[12]  Tucci  CEM,  Silva  Dias  PL,  Clarke  RT,  Collischonn  W.  Previsao  de  medio  prazo  da 
afluencia  de  reservatorios  com  base  na  previsao  climatica.  Brasilia:  Relatorio 
de  Pesquisa  ANEEL  -  PNUD  -  MCT;  2002,  mimeo. 

[13]  Molinier  M,  Ronchail  J,  Guyot  JL,  Cochonneau  G,  De  Oliveira  E,  Guimaraes  V. 
Hydrological  variability  in  the  Amazon  drainage  basin  and  African  tropical 
basins.  Hydrological  Processes  2009;23(22):3245-52. 

[14]  Freitas  MAV,  Dutra,  L  e  D.  Hydroeletricity  in  Brazil:  developing  and  sustainable. 
In:  Rosa,  L  P,  Santos  M  A,  Tundisi  J  G,  (Org.).  Greenhouse  gas  emissions  from 
hydropower  reservoirs  and  water  quality.  Rio  de  Janeiro:  COPPE/UFRJ:  2004,  p. 
7-26. 

[15]  Filizola  N,  Guyot  JL,  Molinier  M,  Guimaraes,  Oliveira,  Freitas  MAV. 
Caracterizafao  Hidrologica  da  Bacia  Amazonica.  In:  Rivas  A,  Freitas  CE  (org.), 
Amazonia  -  Uma  Perspectiva  Interdisciplinar.  Editora  Universidade  do  Ama¬ 
zonas,  Manaus;  2002,  p.  33-54. 

[16]  Marengo  J,  Hastenrath  S.  Case  studies  of  the  extreme  climatic  events  in  the 
Amazon  basin.  Journal  of  Climate  1993;6:617-27. 

[17]  Marengo  JA.  Variations  and  change  in  South  American  streamflow.  Climate 
Change  1995;31:99-117. 

[18]  Marengo  J,  Nobre  CA,  Sampaio  G.  On  the  associations  between  hydrometeoro¬ 
logical  conditions  in  Amazonia  and  the  extremes  of  the  Southern  Oscillation. 
Bulletin  de  l’Institut  Fran^ais  d’  Etudes  andines  1998;27:789-802. 

[19]  Molinier  M,  Guyot  JL,  de  Oliveira  E,  Guimaraes  V.  Les  regimes  hydrologiques  de 
l’Amazone  et  de  ses  affluents.  Hydrologie  tropicale:  geoscience  et  outil  pour  le 
developpement,  vol.  238.  Paris:  IAHS  publ.;  1996.  p.  209-222. 

[20]  Roucou  P.  Impact  des  temperatures  de  surface  oceanique  d’echelle  globale  sur 
la  dynamique  de  l’atmosphere  et  les  precipitations  tropicales  en  Amerique  du 
Sud  a  l’est  des  Andes:  diagnostic  et  simulation  numerique.  Thesis  of  the  Centre 
de  Recherche  de  Climatologie,  ESA5080  CNRS/Universite  de  Bourgogne,  France; 
1997. 

[21  ]  Aceituno  P.  On  the  functioning  of  the  Southern  Oscillation  in  the  South  Amer¬ 
ican  Sector:  surface  climate.  Monthly  Weather  Review  1988;116:505-24. 

[22]  Ronchail  J.  Variabilite  pluviometrique  en  Bolivie  lors  des  phases  extremes  de 
l’Oscillation  Australe  du  Pacifique  ( 1 950-1993 ).  Bulletin  de  l’Institut  Fan^ais  d’ 
Etudes  Andines  1998;27:687-98. 

[23]  Ronchail  J,  Bourrel  L.  Enchentes,  Chuvas  e  Circulafao  Atmosferica  na  Bacia 
Amazonica  Boliviana.  In :  IX  Congreso  Latinoamericano  e  Iberico  y  VIII  Congreso 
Argentino  de  Meteorologia.  2001. 

[24]  Ronchail  J,  Cochonneau  G.  Main  patterns  of  summer  rainfall  variability  and 
associated  circulation  in  western  and  southern  Amazon.  In:  Communication  to 
the  VAMOS/CLIVAR  conference  on  South  American  low-level  jet.  2002. 

[25  ]  Ronchail  J,  Cochonneau  G,  Molinier  M,  Guyot  JL,  Chaves  AGM,  Guimaraes  V,  et  al. 
Interannual  rainfall  variability  in  the  Amazon  Basin  and  SSTs  in  the  Equatorial 
Pacific  and  the  Tropical  Atlantic  Oceans.  International  Journal  of  Climatology 
2002;22:1663-86. 

[26]  Ronchail  J.  Variabilite  pluviometrique  en  bolivie  lors  des  phases  extremes  de 
l’oscillation  australe  du  pacifique  ( 1 950-1993 ),  vol.  7.  Paris:  Universite  de  Paris; 
2003, 12  pp. 

[27]  Roche  MA,  Fernandez  C,  Aliaga  A,  Pena  J,  Salas  E,  Montano  JL.  Balance  hidrico 
de  Bolivia.  La  Paz:  Publ.  UNESCO-PHICAB;  1992, 16  pp. 

[28]  World  Commission  on  Dams.  The  report  of  the  World  Commission  on 
Dams— dams  and  development  a  new  framework  for  decision-making.  London 
and  Sterling,  VA:  Earthscan  Publications  Ltd;  2000,  365  pp. 

[29]  FURNAS.  RIMA  -  Relatorio  de  Impacto  Ambiental  das  Usinas  Hidreletricas  de 
Santo  Antonio  e  Jirau.  FURNAS  Centrais  Eletricas  S.A.,  Rio  de  Janeiro;  2005. 

[30]  Freitas  MAV.  Vulnerabilidade  Climatica  e  Antropica  dos  Recursos  Hidricos 
da  Bacia  Amazonica.  Nota  Tecnica  do  Projeto  Gerenciamento  Integrado  e 
Sustentavel  Dos  Recursos  Hidricos  Transfronteiricos  Na  Bacia  Do  Rio  Ama¬ 
zonas  Considerando  A  Variabilidade  e  As  Mudan^as  Climaticas  -  Bolivia,  Brasil, 
Colombia,  Equador,  Guiana,  Peru,  Suriname,  Venezuela.  Brasilia,  Projeto  GEF 
Amazonas  -  OTCA/PNUMA/OEA;  2006,  setembro,  43  pp. 

[31  ]  EPE.  Plano  Decenal  de  Expansao  de  Energia  -  2019.  Brasil:  Empresa  de  Pesquisa 
Energetica;  2010,  http://www.epe.gov.br/PDEE/Forms/EPEEstudo.aspx. 

[32]  Alcamo  J,  Henrichis  T,  Rosch  T.  World  water  in  2025— global  modelling  and 
scenario  analysis  for  the  World  Comission  on  water  for  the  21st  century.  CES  - 
University  of  Kassel,  Kassel  World  Water  Series  -  Report  N.  2;  2000. 

[33]  ONS.  Transmission  lines  of  the  national  interconnected  system  -  SIN.  Brasil: 
Operador  Nacional  do  Sistema  Eletrico;  2010,  http://www.ons.org.br/home/. 

[34]  IEA.  Key  world  energy  statistics  2010.  France:  International  Energy  Agency; 
2010. 

[35]  OMM.  Declaracion  de  la  OMM  sobre  El  Estado  del  Clima  Mundial  en  2003. 
Genebra,  OMM-No  966;  2004, 12  pp. 

[36]  ANEEL.  Projeto  BRA/00/29:  Capacitafao  do  setor  eletrico  brasileiro  em  relafao 
a  mudan^a  global  do  clima.  Brasilia,  CD  ROM.  2003. 


